O ne of the most frequent indications for tonsillectomy in children is for management of sleepdisordered breathing due to airway obstruction. [1] [2] [3] [4] Sleep-disordered breathing and obstructive sleep apnea (OSA) are often associated with obesity, which has become pandemic. [5] [6] [7] With the need to preserve medical resources, increasing numbers of procedures are conducted on an outpatient basis; this has created the perfect storm where children may be incompletely assessed before their anesthetic and cared for as an outpatient with inadequate postoperative observation. This is of particular concern with the opioid sensitivity reported in children with OSA, i.e., what would be considered a normal dose of opioid may be a relative overdose in OSA children. 8 The American Society of Anesthesiologists (ASA) proposed practice guidelines and a risk identification scoring system to assess potential OSA patients who may require more extensive postanesthesia observation. 9 Likewise, pediatric otolaryngologists published guidelines regarding the need for increased vigilance. 10 Unfortunately, some children have died or suffered neurologic injury as a result of apnea after tonsillectomy. We conducted a 2-stage investigation: (1) a survey of members of the Society for Pediatric Anesthesia and (2) a query from the ASA Closed Claims Project to investigate factors associated with adverse events in children undergoing tonsillectomy.
BACKGROUND: Obesity is epidemic in the United States and with it comes an increased incidence of obstructive sleep apnea (OSA). Evidence regarding opioid sensitivity as well as recent descriptions of deaths after tonsillectomy prompted a survey of all members of the Society for Pediatric Anesthesia regarding adverse events in children undergoing tonsillectomy. METHODS: An electronic survey was sent to 2377 members of the Society for Pediatric Anesthesia. Additionally, data from the American Society of Anesthesiologists Closed Claims Project were obtained. Adverse events during or after tonsillectomy with or without adenoidectomy in children were included. Children at risk for OSA were identified as either having a positive history for OSA or a post hoc application of the American Society of Anesthesiologists OSA practice guidelines. These children were compared with all other children by Fisher exact test for proportions and t test for continuous variables. RESULTS: A total of 129 cases were identified from the 731 replies to the survey, with 92 meeting inclusion criteria for having adequate data. Another 19 cases with adequate data were identified from the 45 from the American Society of Anesthesiologists Closed Claims Project. A total of 111 cases were included in the final analysis. Death and permanent neurologic injury occurred in 86 (77%) cases and were reported in the operating room, postanesthesia care unit, on the ward, and at home. Sixty-three (57%) children fulfilled American Society of Anesthesiologists criteria to be at risk for OSA. Children categorized as at risk for OSA were more likely than other children to be obese and to have comorbidities (P < 0.0001). A larger proportion of at risk children had the event attributed to apnea (P = 0.016), whereas all others had a larger proportion of events attributed to hemorrhage (P = 0.006). CONCLUSIONS: Deaths or neurologic injury after tonsillectomy due to apparent apnea in children suggest that at least 16 children could have been rescued had respiratory monitoring been continued throughout first-and second-stage recovery, as well as on the ward during the first postoperative night. A validated pediatric-specific risk assessment scoring system is needed to assist with identifying children at risk for OSA who are not appropriate to be cared for on an outpatient basis. (Anesth Analg 2014;118:1276-83) General Hospital, Boston, MA) was e-mailed to members of the Society for Pediatric Anesthesia (1995 active, 34 affiliates, 102 fellows, 106 residents, 22 retired, and 118 international). Two rounds of follow-up surveys were sent at 2-month intervals, including an added question which asked if the first survey was completed, so as to exclude duplicates. In addition, a formal query was conducted using the ASA Closed Claims Project database (University of Washington IRB #21618 and #43939; written patient consent waived by IRB) for cases involving otolaryngology procedures from 1990 to 2011. Summaries of 45 cases were compared with survey cases (age, gender, year of event, cause of event) to identify possible duplicates from the 2 data sources.
Inclusion criteria for electronic survey cases were those in which a child died or nearly died after tonsillectomy. Inclusion criteria for case selection from the ASA Closed Claims Project were tonsillectomy or tonsillectomy with adenoidectomy with death or adverse event due to surgical hemorrhage or adverse anesthetic event, or with death or adverse event at home or in hospital. Cases with inadequate information were excluded.
Definition of Variables
The ASA's Practice Guidelines for the Perioperative Management of Patients with Obstructive Sleep Apnea 9 (Appendix 1, see Supplemental Digital content 1, http:// links.lww.com/AA/A550) was used to categorize children potentially at risk for OSA from survey reports and the ASA Closed Claims Project unless they were already labeled as having OSA by the surgeon, family, or anesthesiologist; factors such as obesity (≥95th percentile for age using standard gender-specific growth curves) + history of snoring + 1 other risk factor fulfilled our interpretation of the ASA OSA criteria. If a child's weight was provided, we used standard growth curves to determine that the child was ≥95th percentile for age and gender. Children whose ASA OSA risk score was ≥5 were categorized as at risk for OSA for comparison with "all others," i.e., children judged not to be at risk for OSA.
Events were classified as surgical, anesthesia, or nursing related. All events reported as hemorrhage were considered surgical. Postextubation respiratory events or events during the conduct of anesthesia were attributed to anesthetic management. If an event occurred in the postanesthesia care unit (PACU) or on the floor that was attributed to apnea, this was classified as a PACU or floor nursing observation problem.
Statistical Methods
At risk for OSA cases were compared with all others by Fisher exact test for proportions and t test for age using Levene test for equality of variances. For cross-tabulation tables with any cell having an expected value <5, P-values were calculated by Monte Carlo calculations using 10,000 random tables. For cross-tabulation tables with >4 cells and a distribution achieving statistical significance, post hoc Fisher exact test was performed on reduced 2 × 2 tables of the variables of interest (present/absent) between the 2 groups. For all statistical tests, a P value of <0.05 was considered statistically significant. Statistical calculations were conducted with SPSS version 18.0.3 (IBM, Chicago, IL).
RESULTS
Seven hundred thirty-one surveys were returned (approximately 30%) yielding 129 possible adverse events after tonsillectomy; 1 was a duplicate when compared with the Closed Claims cases and was therefore deleted, and there were 36 additional cases that had insufficient data; thus 92 surveys met inclusion criteria with adequate data for analysis. Since some surveys were incomplete, it is possible that we actually underestimated the magnitude of the injuries. The ASA Closed Claims query yielded 45 additional cases, of which 23 did not meet inclusion criteria due to surgical procedure (e.g., adenoidectomy without tonsillectomy). 
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Death or Neurologic Injury after Tonsillectomy in Children Three claims were excluded due to inadequate data, leaving 19 that met inclusion criteria and had adequate data for analysis. Thus 111 surveys/reports meeting inclusion criteria and with adequate data for interpretation ( Fig. 1) formed the final cohort for analysis. These cases occurred in 1990 to 2010, with more than half of the cases occurring in 2004 or later. More than half (57%) of the children met criteria for at risk for OSA. Table 1 presents demographics, indications for surgery, and comorbidities. Half of the children were 4 to 8 years of age and another 27% were younger, with no difference in age between children at risk for OSA and all others ( Table 1) . At-risk children were more likely to be obese than other children (P < 0.0001, Table 1 ). Ethnicity was associated with the categorization of patients being at risk for OSA (P < 0.0001). Higher ASA physical status was also associated with patients categorized as being at risk for OSA (P < 0.0001, Table 1 ).
Death (66%) was the most common outcome, followed by permanent neurologic injury (11%), and prolonged hospitalization (10%, Table 2 ). A larger proportion of at risk for OSA children had the event attributed to apnea (P = 0.016) whereas all others had a larger proportion attributed to hemorrhage (P = 0.006, Fig. 2 ). The adverse events took place in a variety of locations (e.g., operating room, PACU, ward, after discharge) with no difference between children categorized as at risk for OSA versus all others (Table 2) . When events occurred after surgery, approximately half (58% of all 80 postoperative events, 77% of 61 postoperative events with specific timing known) occurred within 24 hours of the procedure. Of the total 63 events that occurred within 24 hours of the procedure, 30 (48%) occurred after discharge from the hospital. There was no difference between children at risk for OSA or all others in the timing of postoperative adverse events. Among the 80 total cases with postoperative events, 40 (50%) were reported to have received postoperative opioids including 14 (61%) of the 23 children with postoperative apnea events that occurred within 24 hours postoperatively. There were 4 children who were reported to have received postoperative opioids and had an apnea event >24 hours after the procedure. Cases with an event in the operating room either due to anesthesia or surgical issues are described in Table 3 .
There were 13 children who suffered an event in the PACU. Several of these were attributed to opioid overdose, 6 attributed to apnea, 1 attributed to aspiration of a blood clot, and 1 attributed to cardiac arrest without details provided. Two deaths occurred in the PACU after monitors were removed from the child. One 5-year-old child in a first-stage PACU who received morphine and midazolam to treat emergence agitation was left in his father's arms without monitors and the father thought his child was sleeping.
The second death was a 3 year old in a second-stage PACU without monitoring. The mother was reclining in the same stretcher as her child, and this parent also thought her child was sleeping. One child with known OSA was admitted overnight and discharged the following morning, but was found dead approximately 48 hours after surgery. Table 4 presents sample surgical, anesthesia or combined adverse events.
Comorbidities played an important role in some of these adverse outcomes. Two children who had Williams syndrome (supravalvular aortic stenosis, abnormal coronary vessels, pulmonary stenosis) died during the induction or emergence from anesthesia; it is unclear whether these children had an established preoperative diagnosis.
Surgical complications included a variety of problems including kinking of the tracheal tube with a Dingman retractor, laceration of the carotid vessel, and hemorrhage either immediately during the case or a number of days postoperatively. Some of the children who experienced hemorrhage were able to be rescued, whereas others either died at home, in the emergency room, or were unable to be rescued in the operating room. Our data did not seem to provide any time-based relationship for these hemorrhages, i.e., they did not occur at the classic first 4 hours after surgery or on day 5 when the eschar separates. Further data are presented for all cases in Appendix 2 (see Supplemental Digital Content 2, http://links.lww.com/AA/A551).
DISCUSSION
Perioperative deaths associated with tonsillectomy are thankfully uncommon. 11 The incidence of hemorrhage in our database (approximately 28%) is similar to the 3 reviews of otolaryngology-related malpractice cases. [12] [13] [14] However, the seemingly larger percentage of severe adverse outcomes (death and neurologic injury) in our database related to apparent respiratory events (36%) compared with these otolaryngology reports (17%) could, in part, be related to observer bias with anesthesiologists more likely to report respiratory events and surgeons to report hemorrhagic events. Importantly, apnea was reported in 29 of 63 children categorized as at risk for OSA; these outcomes occurred in the PACU, on the ward, and at home.
Tonsillectomy-related malpractice settlements occur against anesthesiologists more commonly than against surgeons and settle for nearly 5-fold larger awards because of the devastating outcomes. [12] [13] [14] Medication-related lawsuits reported inappropriate prescribing of opioids. 12 One report described 11 postoperative deaths or neurologic injuries 
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Death or Neurologic Injury after Tonsillectomy in Children due to airway-related events, including a number of respiratory arrests of unclear etiology; 13 these may have been related to opioid-induced apnea. Another review of adverse legal outcomes after tonsillectomy attributed approximately 17% of cases to postoperative medication issues. 14 That article discussed abnormal cytochromes resulting in rapid metabolism of codeine to morphine as possibly contributory. Compression of an endotracheal tube by a mouth gag was also described, and this case was possibly 1 of the cases in our database. Anoxic intraoperative and postoperative events accounted for verdicts as large as $45 million. 14 Negligent postoperative care, negligent anesthesia care, and overprescribing of opioids were among the common allegations. A 32-question survey similar to ours was recently conducted by the Patient Safety and Quality Improvement Committee of the American Academic of Otolaryngology-Head and Neck Surgery. 15 They reported 55 deaths or neurologic injury of which 40 were children. Six were attributed to bleeding, 9 to "med-narcotic," and 16 were described as unexplained cause; of the latter group, 1 was in hospital and the remaining 15 occurred out of hospital. 15 In the ear-nose-throat (ENT) survey, 8 pediatric deaths implicated opioid overdose including several that suggested the caregiver administering larger than prescribed doses or additional nonprescribed opioid medications. At least 2 cases in our study were also attributed to the administration of additional doses of medication than what was prescribed, thus these cases may be overlaps between the 2 surveys. Ten deaths reported in the ENT survey occurred in children with OSA. They found that "events unrelated to bleeding accounted for a preponderance of deaths and anoxic brain injury." Since the timing of these surveys overlapped, there is no way of knowing how many of these cases were also reported to us by anesthesiologists; however, the message is clear from both surveys: unexpected deaths are occurring at home after discharge from medical supervision.
These cases collected from surgeons and anesthesiologists emphasize the need for better procedures for assessing perioperative risks after tonsillectomy. In particular, those year old was discharged after overnight observation and found dead that night, high morphine levels found; possible rapid codeine metabolizer.
Anesthesia event
A 4 year old developed apnea in PACU, was given multiple doses of naloxone, and discharged on codeine. Apnea spells occurred at home but the parents decided not to go to the hospital and he was found dead the next morning. Surgical/anesthesia event with the potential for OSA need better evaluations to allow the surgical/anesthesia team to improve the safety net. At present, a formal sleep polysomnogram is the very expensive "gold standard"; perhaps further study of the minimal cost McGill overnight oximetry test is needed. 16, 17 This is a simple quantitation of desaturation nadir episodes based on a scale of 1 to 4 for events with hemoglobin saturations of <90%, <85%, and <80% during sleep.
Given that tonsillectomy is one of the most common outpatient surgical procedures performed in children (approximately 530,000 per year in children <15 years of age in the United States), 10, 18 it is important to accurately assess the safety of outpatient surgery. Despite great performance pressure to efficiently operate and discharge patients, some children are not appropriate candidates for outpatient tonsillectomy. 9 The Subcommittee on Obstructive Sleep Apnea of the Section on Pediatric Pulmonology of the American Academy of Pediatrics 19 and the Clinical Practice Guideline for Tonsillectomy from the American Academy of Otolaryngology-Head and Neck Surgery both suggest that children with OSA and other medical/social issues "should be treated in an inpatient setting." 10 Obesity, a history of OSA, and the need for postoperative opioid markedly increase the potential for adverse postoperative respiratory events. Children undergoing tonsillectomy may have a worsening of airway obstruction on the first night of surgery. 16, 20 Additionally, children with severe OSA, who exhibit desaturation during a sleep study, may have a heightened analgesic and respiratory sensitivity to opioids (average requirements approximately 50% less than for children undergoing tonsillectomy for recurrent tonsillitis). 17, 21, 22 This opioid sensitivity may be related to hypoxiainduced opioid receptor regulation; 23, 24 animal models have confirmed this observation. [25] [26] [27] Thus the standard dose of opioid may actually be an overdose in a child with OSA. Furthermore, there are increasing reports of children who are ultrarapid metabolizers of codeine (duplicated genes) which may accelerate its conversion to morphine and thus result in overdose. [28] [29] [30] [31] [32] Conversely, children who lack the cytochrome to convert codeine to morphine may not obtain any opioid analgesia and achieve their analgesia simply from the coadministration of acetaminophen. 33 Obesity is epidemic and frequently associated with OSA. 1, 3, 5 Our data confirm this positive association and, unfortunately, also document preventable adverse outcomes. Some deaths were clearly related to less than ideal anesthetic management and/or poor surgical management. It is a major concern that 13 children experienced an event in the PACU either immediately on admission or within the first 3 hours; 10 children likely should have been rescued with more timely intervention. The subtleness and rapidity of the apnea in the 2 children who died in the PACU after monitors were removed emphasize the need for continuous monitoring. Of the 32 children labeled as obese, 28 died or suffered neurologic injury regardless of the described indications for surgery. The cause of the event in obese children was attributed to apnea in 19, hemorrhage in 6, and unknown in 3.
Limitations of our study include the large number of questionnaires that were not completed, provided partial information, or had reporting bias. There is also the potential that some cases were reported more than once from any 1 institution. However, by cross-checking age, ethnicity, year of the event, and descriptive text, we were only able to identify 1 duplicate. Furthermore, the survey did not define apnea or hemorrhage when eliciting the cause of the event, so there is a possibility of inconsistency in attribution. It is highly likely that the questionnaire survey performed by the ENT surgeons and our survey greatly underestimated the number of children with these adverse outcomes. In addition, the ASA Closed Claims cases had extracted data not specifically addressing the issue of OSA; these records had significant deficits in the information we were seeking. Our study does not shed light on the overall safety or risk of performing tonsillectomy on an outpatient basis as we lack a denominator for risk calculation.
Identification of children at risk for OSA is essential for all children undergoing anesthesia. Perianesthetic risk is likely increased if the surgery involves a major body cavity or the airway and if there will be need for postoperative opioids. Conversely, risk is likely quite minimal if it is a peripheral procedure and there is no need for opioids. Because tonsillectomy involves the airway and also the need for postoperative opioids, this procedure when combined with the diagnosis of OSA places children at increased risk for adverse perioperative events. Our analysis and results suggest that the identification scoring system for assessing perianesthetic risk developed by the ASA which includes predisposing physical characteristics, historical questions regarding airway obstruction, and daytime somnolence due to interrupted sleep patterns appears to have merit. 9 Unfortunately that guideline was meant to be applicable to adults and children. 
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Death or Neurologic Injury after Tonsillectomy in Children of pediatric-specific signs and symptoms of OSA that may further help identify children at risk. Our data also suggest that ethnicity may be another important variant since 20 of 26 African American, 11 of 14 Hispanic, and 3 of 3 Asian children were described in this cohort as having a history consistent with being at risk for OSA. The incidence of OSA may be 4 or more times greater in African American children, 4 and they also exhibit more profound desaturation with obstructive events compared with Caucasian children. [34] [35] [36] [37] In addition, our data suggest that higher ASA physical status was associated with patients who were at risk for OSA. The OSA identification scoring system for assessing perianesthetic risk developed by the ASA appears to have merit; modification of the guideline with more pediatric-specific language would need to be validated.
In conclusion, it is imperative that the surgeon and anesthesiologist identify children at risk for OSA. 39 Children who are obese (gender-specific weight or body mass index ≥95th percentile) and who have other clinical indicators of OSA (Table 5 ) even in the absence of a sleep polysomnogram may be at risk. 40, 41 Despite the need for cost containment, we must recommend a more considered management of at-risk children since 10 deaths or neurologic injury occurred at home, 2 in the PACU, and 3 on the ward within 24 hours of surgery. These children could have been rescued had proper monitoring been continued throughout first-and second-stage recovery, as well as on the ward during the first postoperative night. 22 In addition, practitioners must be aware of the marked opioid sensitivity of these children and therefore reduce the usual opioid dose by approximately 50%. 8, 17 Further consideration should be given to the possibility of rapid codeine metabolizers that would place them at additional risk. 29, 31 It may be safer to avoid the use of codeine altogether and use alternate opioid analgesics. 33 The Food and Drug Administration has recently issued a "black box" warning regarding the use of codeine in children undergoing tonsillectomy. a Death after tonsillectomy related to hemorrhage may not be preventable, but death due to apnea is preventable. It is for these at-risk children that we need to develop an improved safety net. The ASA OSA guideline was an important first step in this direction, but further multiinstitution prospective study of a pediatric-specific risk identification and assessment scoring system is needed. E DISCLOSURES Name: Charles J. Coté, MD. Contribution: This author contributed to study design, conduct of the study, data collection, data analysis, and manuscript preparation. Attestation: Charles Coté attests to the integrity of the original data and the analysis reported in this manuscript, and has approved the final manuscript. Name: Karen L. Posner, PhD. Contribution: This author helped with data collection, data analysis, and manuscript preparation.
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